Introduction
Cryptic subtelomeric rearrangements are estimated to account for approximately 5% of mental retardation (MR)/malformation syndromes, with a higher deletion rate in those with moderate to severe MR than in mild MR. 1 Although in some subtelomeric rearrangements, the phenotype is well described, there are many cryptic rearrangements for which there is little or no phenotypic information complicating the diagnostic and prognostic implications. Therefore, further studies are needed to delineate genotype -phenotype correlations for each human subtelomeric region. All the laboratories from the 'Association des Cytogénéticiens de Langue Franc¸aise' (http://www.eaclf.org) offering an appropriate cytogenetic service were surveyed over a 10-year period (1994 -2004) for cases where a submicroscopic telomeric abnormality had been ascertained. Among 1511 cases referred owing to unexplained MR, 115 (7.6%) patients showed a clinically significant subtelomeric abnormality. We report the phenotypic and the molecular cytogenetic characterization of two patients with uncommon isolated de novo subtelomeric 20q deletions. Detailed mapping was performed by microarray CGH in one patient and confirmed by FISH in the two patients. We compare our data with the only three previously reported cases in the literature. These findings are discussed with respect to the genes in the deleted region of chromosome 20q13.33.
Materials and methods

Patients
Patient 1 is the only child of unrelated parents, aged 35 (mother) and 34 (father). Family history was negative for congenital anomalies and/or MR. This girl was born at 38 weeks of gestation after an uneventful pregnancy and delivery. The birth weight, length and head circumference were normal. She sat at 13 months and walked at 19 months. At 7 years 10 months, she had mild psychomotor retardation associated with a nystagmus and her language abilities were mildly retarded with phonological abnormalities. A physical examination showed the length to be 124.5 cm ( þ 0.3SD), weight 23 kg ( -0.5SD) and head circumference 48.8 cm ( -2.3SD). Craniofacial dysmorphism included microcephaly, brachycephaly, prominent metopic suture, temporal narrowing, mild hypertelorism, upslanting palpebral fissures, anteverted nares, downturned corners of the mouth and a thin upper lip (Figure 1a) . The neurological examination was normal. Audiogram, electroencephalogram (EEG), visual evoked potentials (VEP), electroretinogram (ERG), and a magnetic resonance imaging (MRI) brain were normal. Patient 1 had a normal 46,XX karyotype at 550-band resolution.
Patient 2 is the second child of a 29-year-old-mother without medical report in her family. She has been treated for recurrent depressive episodes with fluotexine for several years. As soon as pregnancy was reported she was given citalopram. The girl is the first child of her 28-year-oldfather. Family history was unremarkable. The pregnancy was reported as normal with delivery at term. Birth weight and length were normal. In the first hours of life, she experienced respiratory distress leading to the diagnosis of great vessels transposition. Full surgical correction was done at 2 weeks. At 2 months of age she suffered of an episode of convulsion without fever. The EEG was reported as abnormal (data not available). A brain MRI performed at the age of 10 months showed a thin corpus callosum. Autistic behaviours were reported early on, with poor eye contact contrasting with normal VEP. Smiling was first reported at the age of 4 months and the oral language was completely absent at the age of 28 months. At the age of 2 years, poor social relations were reported with stereotypies of the hands. Sleep was irregular with multiple nocturnal wake-up. She poorly reacted to noises and sounds without anomalies of auditory evoked responses. Motor milestones were also delayed: she sat at the age of 21 months and walked at 3 years 3 months. Craniofacial dysmorphism included trigonocephaly, temporal narrowing, mild a b Figure 1 Facial appearance of patient 1 at age 3 years (a) and patient 2 at age 4 years (b). Written consents to publish these photographs were obtained from the parents of each child.
20q subtelomere deletions M Béri-Deixheimer et al hypertelorism, and epicanthic folds ( Figure 1b ). Metabolic evaluation was reported as normal at the age of 2 years. High-resolution cytogenetic evaluation was normal (600 band level). FISH studies using different probes, that is, 17p11 (Smith -Magenis syndrome), 22q11 (DiGeorge syndrome), 4p16 (Wolf-Hirschhorn syndrome) were normal. Methylation pattern study at 15q11-13 was also normal just as the molecular evaluation at the MECP2 locus. FISH to metaphase chromosomes of patient 1 (b) and patient 2 (c) using the BAC RP11-261N11 probe containing CHRNA4 and ARFGAP1 genes (arrows) and a 20 centromeric control probe (Vysis) (arrowheads) showed the deletion of one signal of the BAC RP11-261N11 probe in patient 2 (c). 2 Four probes identified as lost were RP4-583P15, AL11806.27, RP1-81F12 and AL137028 ( Figure 2 ). Parental FISH study confirmed de novo 20q deletion.
Molecular cytogenetic investigations
To analyse the chromosome deletions at a higher resolution, BAC clones mapping within and immediately adjacent to the deleted segment were hybridized to metaphase and interphase nuclei from cultured peripheral leucocytes from the patients (Figure 3) . Following BAC clones were used, from the centromere to the telomere, RP11-325F17, RP5-885L7, RP11-305P22, RP11-402J8, RP11261-N11, RP11-365O20, RP11-358D14, RP4-583P15, RP5-824A14, RP11-465D20, RP6-1022E24 and RP11-476I15. Patient 1 breakpoint mapped between clone RP11-261N11 and RP11-365O20, whereas Patient 2 breakpoint mapped between clone RP11-305P22 and RP11-402J8. Both patients share a deleted region of approximately 1.33 Mb including 40 confirmed and predicted genes. In these two patients, the deletions differ in 324 kb encompassing five genes, YTDF1, BIRC7, ARFGAP1, COL2A1 and CHRNA4 (Figure 3) . The RP-11261N11 probe containing ARFGAP1 and CHRNA4 genes was only deleted in patient 2 ( Figure 2 ).
Discussion
To best our knowledge, only three patients with a pure deletion limited to the terminal segment of 20q have been reported in the literature but unfortunately without any accurate size (Table 1) . A 9-year-old male had global developmental delay without seizures. 3 He sat at 8 months,
walked at 15 months, had first words at age 3, and began using short sentences at age 5. At age 7, cognitive testing placed him in the mentally retarded range. On physical examination, he had a frontal upsweep of the hair, The 1.33 Mb deleted region identified in our patients encompasses approximately 40 confirmed and predicted genes including three with known phenotype: SOX18, KCNQ2 and CHRNA4. Different mutations in the voltagegated potassium channel gene KCNQ2 have been identified in the syndrome benign familial neonatal convulsions, a mild autosomal dominant epilepsy with incomplete penetrance (OMIM 121200). Our two patients have a deletion of the KCNQ2 gene, but only patient 2, at 2 months of age, suffered of an episode of convulsions without fever. Variable expressivity is a common feature of epilepsy caused by ion channel mutations in human patients. 7 Patient 2 deletion includes the genes CHRNA4, ARFGAP1 and KCNQ2. Autistic behaviours were reported early on and particularly her sleep was irregular with multiple nocturnal wake-up. Mutations in the a-4 subunit of the neuronal nicotinic acetylcholine receptor gene CHRNA4 have been reported in autosomal-dominant nocturnal frontal lobe epilepsy (ADNFLE; OMIM 6005 513), a syndrome whose clinical diagnosis is often very difficult because of the nocturnal manifestation of symptoms. Mental retardation has been associated with a heterozygous CHRNA4 Ser252Leu mutation in a Korean kindred with ADNFLE. 8 The consequences of a decrease in the ADP-ribosylation factor GTPase activating protein 1 gene (ARFGAP1) expression have not been characterized. 9 A mouse model is provided by the Stz1 mutation, a spontaneous 300 kb deletion on mouse chromosome 2 that includes Kcnq2, Arfgap1 and Chrna4. 10 Mice heterozygous for the Stz1 mutation have increased susceptibility to seizures similar to that seen in Kcnq2 null heterozygotes, whereas Chrna4 null heterozygotes have not been reported to be seizure-sensitive. Interestingly, the 20qter deletion described by Ardalan et al 5 included the genes KCNQ2, ARFGAP1and CHRNA4 in a patient with a seizure disorder. Haploinsufficiency for CHRNA4 in addition to loss of KCNQ2and ARFGAP1 may account for the more severe clinical features with seizures. Finally, mutations in the transcription factor gene SOX18 has been shown in three families to underlie recessive and dominant forms of hypotrichosis -lympedema -telangiectasia. 11 The absence of these symptoms in our two patients (and in the four patients reported in the literature with pure terminal 20q deletion) suggests that haploinsufficiency for SOX18 may not cause hypotrichosis -lymphedema -telangiectasia, or causes milder disease. In summary, genotype -phenotype correlations have narrowed the critical interval for the clinical spectrum associated with 20q13.33 deletion. Two clinically distinct phenotypes may be drawn, a mild mental retardation without specific dysmorphism or a more complex and severe phenotype with behaviour problems and seizure disorders, according to the presence or absence of the CHRNA4 and ARFGAP1 genes, respectively. Terminal deletions of 20q seem to be a rare event. Actually, some deletions are simply not looked for in the right population because of the mild mental retardation. However, it also may indicate that the underlying DNA structure in 20q13.33 is less amenable to breakage. A more detailed phenotype description and molecular characterization of further patients with 20q13.33 deletion may help to confirm these data.
